
Reronautics and Space Transportation Technologq Enterprise 79 

Clutter-Rejection for Obstacle Detection in Radar Data 
Yair Barniv 

Because of its needle-like nose, shaped for 
supersonic flight, and the high angle of attack used 
during takeoff and landing, the High-speed Civil 
Transport (HSCT) has no forward window. The HSCT 
would have to rely on synthetic vision for detecting 
infringing airborne obstacles, and "seeing" the 
runway during landing and takeoff. The sensor of 
choice for all-weather operations is  an airborne 
radar. However, there are two problems inherent in 
utilizing conventional radars for vision: ( 1  ) although 
they excel in resolving range, their angular resolution 

fused with targets of interest, especially when looking 
down during landing. 

Two complementing approaches were employed 
to solve these problems: first, differentiating between 
ground clutter (stationary), and airborne obstacles 
(having a nonzero ground speed); and second, 
improving the azimuth resolution so as to decrease 
the effective ground area that generates clutter (the 
elevation resolution is of no concern, because, in the 
down-slanted geometry of ianding, it can be 
improved by utilizing high range resolution). 

Target Indicator (AMTI) to discriminate targets by 
their motion. A new version of AMTl has been 
developed, which is based on azimuth or elevation 
error corrections tor the equivalent-clutter direction 
on a pulse-to-pulse basis. The equivalent-clutter 
direction has been found to wander erratically from 
pulse to pulse, even for a pulse repetition frequency 
(PRF) as high as 10,000 per second. However, for 
each pulse, the clutter directions are highly corre- 
lated tor adjacent range bins. Thus, the temporal 
correlation is  low, while the spatial one i s  high. This 
observation was used to construct an algorithm that, 
for each pulse, cancels the clutter inside every range 
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The tirst approach is to use an Airborne Moving- 

bin by utilizing the equivalent-clutter direction in the 
adjacent bins. 

The first figure shows how the signal-to-clutter 
ratio (SCR) depends on the obstacle's ground speed 
and on the interpulse interval (T = l /PRFI.  Choosing 
PRF = 10,000 yields a high SCR with a relatively 
narrow notch of hard-to-detect target speeds. 

The difficulty of detecting low-speed targets with 
AMTl was addressed by modifying a radar-processing 
technique, called synthetic aperture radar (SARI, 
which has been in  use for ground mapping. Conven- 

of the size limits on the antenna diameter (larger 
aperture yields better resolution). An SAR can 
achieve an equivalent large antenna aperture in 
azimuth by synthesizing it along its flightpath. It 
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Fig. 1.  Obstacle discrimination by ground speed. 

R e v  0 1  u t  i o n  a r q T e c h  n D l  0 Q q 1 e a p s I S L ~ P E R ~ O ~ I C  Ttc H Y O L O G \ ~  



illuminates the ground on one side of the aircraft, 
using a fixed, small, wide-angle antenna. The syn- 
thetic aperture equals the distance flown during the 
observation time of about 0.2 second. Since the 
aperture is  aligned with the flightpath, the conven- 
tional SAR i s  looking sideways at 90 degrees. 
The SAR technique has been extended for looking 
"almost forward"; it now illuminates the angular 
sectors of 5-45 degrees on both sides of the aircraft 
flight direction. Thus, the azimuthal resolution 
becomes a variable that depends on the look 
direction-it i s  zero looking straight forward, and 
improves with the squinting angle. 

A conventional SAR, as well as the modified one, 
images stationary reflectors in their correct azimuthal 
location (range and elevation are always correct), 
whereas moving targets appear shifted in azimuth in 
proportion to their ground speed. This phenomenon 
is  apparent in an SAR image of a moving train, where 
the train appears to run off the tracks. Incorporating a 
technique called "monopulse" alleviated this prob- 
lem for detecting low-speed targets-although not for 
their accurate azimuthal mapping. The second figure 
shows the image of a two-dimensional uniform array 
of point-size reflectors on the ground on the right side 
of the flightpath (flying left to right). The smearing 

Fig. 2. Azimuthal resolution depends on squint angle 

shows how the resolution degrades as the look angle 
approaches the flight direction. 
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Detection of Aircraft in Video Images 
Jeffrey W. McCandless, Albert J.  Ahumada, Mary K. Kaiser 

NASA i s  collaborating with the aircraft industry 
to develop technology for a supersonic passenger 
airplane called the High-speed Civil Transport 
(HSCT). One issue that i s  being examined is  the 
replacement of the conventional forward cockpit 
windows with synthetic displays. The imagery in 
these displays would be obtained from video cameras 
mounted outside the aircraft. A benefit of this con- 
figuration i s  that the video imagery can be examined 
with computers to determine if another aircraft is  in 
the scene. The goal of this HSCT subproject i s  to 
develop computer vision programs to detect aircraft ~ 

I that are moving in the video images. 

During FY97, a series of computer programs 
were written to process video images and to search 
for moving objects (e.g., other aircraft). Flight tests 
were conducted in April and May to obtain the video 
imagery to test the computer programs. Each flight 
test was conducted with two aircraft. One aircraft 
was a Boeing 737 with a camera mounted below the 
nose. With a field-of-view of 13 degrees, this camera 
recorded the images of a second aircraft (the target 
plane) flying in various trajectories. For example, one 
trajectory consisted of the target plane flying from 
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